Abbreviation Key: BASO = basophil; CBA = Columbia blood agar; DEX = dexamethasone; EOS = eosinophil; FSIS = Food Safety and Inspection Service; HET = heterophil; H:L = heterophil numbers: lymphocyte numbers; LYM = lymphocyte; Mac = MacConkey agar; MONO = monocyte; MSA = mannitol salt agar; TOC = turkey osteomyelitis complex; WBC = total leukocyte counts. ABSTRACT In two separate experiments, turkeys that had survived immunosuppression with dexamethasone (DEX) and air sac inoculation with low numbers of Escherichia coli at 5 wk of age were maintained until 13 wk of age, at which time they were given a second treatment with DEX. All mortalities and birds that were necropsied 8 and 15 d (Experiment 1) and 21 d (Experiment 2) after the last DEX injection were scored for air sacculitis/pericarditis and turkey osteomyelitis complex (TOC). In both experiments, all of the lesions that characterize TOC were reproduced, including osteomyelitis of the proximal tibia, synovitis/tendonitis, abscesses in the soft tissues, and green liver. In Experiment 1, all mortalities after Day 7 had TOC lesions, whereas 44% of mortalities had green livers. Staphylococcus aureus was isolated from 90% of all TOC lesions cultured. In Experiment 2, the incidence of mortality, air sacculitis, TOC, and green liver as well as the heterophil:lymphocyte ratio were significantly higher in birds that had previously been treated with DEX but had never been challenged with E. coli than in birds that had survived both treatment with DEX and challenge with 25 or 50 cfu of E. coli. Staphylococcus aureus was isolated from 73% of TOC lesions cultured, whereas E. coli was isolated from only 5.4% of the lesions. These studies suggest that TOC incidence may be related to a stress-induced susceptibility to opportunistic infection.
INTRODUCTION
Commercially grown turkeys processed in the U.S. are subject to inspection by the USDA Food Safety and Inspection Service (FSIS) for lesions of turkey osteomyelitis complex (TOC). These lesions include arthritis/ synovitis, osteomyelitis of the proximal tibia, and soft tissue abscesses. The most problematic turkeys are those that have TOC lesions but appear to be healthy and well-fleshed, with no signs of septicemia/toxemia, which would ordinarily result in their condemnation. These unwholesome turkeys could enter the food chain without detection of the hidden lesions. In 1984, a USDA/FSIS veterinarian in an Arkansas processing plant reported a correlation between the presence of a green-fringed liver and an increased incidence of these lesions in healthy-appearing turkeys (personal communication, Ralph Engelmann, FSIS Training Center, College Station, TX 77843). This observation led to a mandated federal inspection program initiated in 1988 that requires that turkeys with green livers be inspected with a standard 10-cut procedure to search for these lesions (Cook, 1988; Bayyari et al., 1994) . The presence of a green liver is thus used as an indirect indicator of these lesions; however, only about 50% of turkeys with green livers have TOC lesions, and turkeys can have TOC lesions in the absence of a green liver (McCaskey, 1989; Barnes et al., 1990; Tilley and Barnes, 1990; Clark et al., 1991; Bayyari et al., 1994; Mutalib et al., 1996) . This disease syndrome is of relatively low incidence, as green livers have been reported in only about 0.13% of hen turkeys and 0.65% of tom turkeys (Barnes et al., 1993) and 0.14% of hen turkeys and 1.04% of tom turkeys (Mutalib et al., 1996) processed in the southeastern U.S. Lesions of osteomyelitis, arthritis, and soft tissue 3 Remel Microbiology Products, Lenexa, KS 66215. 4 Sigma Chemical Co., St. Louis, abscesses are reported to be present in 25 to 58% of those turkeys condemned for green liver (McCaskey, 1989; Clark et al., 1991; Barnes et al., 1993; Mutalib et al., 1996) . This inspection procedure is thought to be inefficient and costly by the turkey industry, as many turkeys having green livers but no detectable TOC lesions are unnecessarily downgraded as a result of the cuts. Moreover, the inspection procedure is not completely effective in removing unwholesome carcasses from the food chain, as turkeys with normal-appearing livers can also have TOC lesions under both commercial (Clark et al., 1991; Bayyari et al., 1994) and experimental (Bayyari et al., 1997c; Huff et al., 1998a) conditions. The FSIS instituted this inspection program primarily because the lesions often contain Staphylococcus aureus, a potential foodborne pathogen. However, TOC has not developed into a problem of reported food safety significance and the primary benefit of the inspection program appears to be in ensuring wholesomeness of the product.
Turkey osteomyelitis complex is also an expensive field problem because it can result in high losses due to mortality right at the end of the growout period. Our research is focused on determining the etiology of TOC in order to find ways to prevent the condition. The TOC lesions are associated with a variety of opportunistic bacteria, predominantly S. aureus and Escherichia coli; (Clark et al., 1991; Bayyari et al., 1994; Droual et al., 1996; Mutalib et al., 1996) . Previous studies conducted by this group have suggested that immune dysfunction may be more important to the etiology of TOC than the virulence of any specific pathogen (Bayyari et al., 1997a,b ). An experimental system for reproducing the lesions found in TOC has been developed (Huff et al., 1998a) . This model involves injecting 5-wk-old poults with dexamethasone (DEX), a synthetic corticosteroid that mimics the stress response and is known to suppress immunity. Dexamethasone has been shown to induce cell-mediated immunosuppression and decrease resistance to infection in avian species (Long and Rose, 1970; Rose, 1970; Corrier and DeLoach, 1990; Lillehoj, 1992, 1993; Huff et al., 1998a Huff et al., , 1999 . Dexamethasone has also had wide application in studying transport stress and shipping fever in cattle (Roth and Flaming, 1990 ). In our model, dexamethasone treatment is followed by air sac inoculation with low numbers of E. coli. All of the bone and soft-tissue lesions seen in TOCcondemned carcasses have been reproduced with this model with up to a 27% incidence of these lesions in birds that survived treatment for at least 6 d (Huff et al., 1998a) . Mortality due to colisepticemia is an important problem in 5-to 7-wk-old turkeys, the same age at which many production units move their poults from brooder houses to growout houses. The DEX model is thought to simulate the physical, environmental, and social stresses experienced by the poult during this first major shift in its life. This period of extreme environmental and social change may lead to stress-induced immunosuppression, making the poult more vulnerable to opportunistic infection. Turkey osteomyelitis complex becomes a major problem much later when the birds are processed. The purpose of the following study was to try to determine whether latent E. coli infection initiated early in life could be reactivated by a second stressful event and result in TOC lesions. Cooper and Charlton (1992) demonstrated that a latent Pasturella anatipestifer infection could be reactivated by injecting healthy turkeys with DEX, resulting in septicemia, spondylitis, and synovitis. In the current study, the healthy survivors of our DEX-E. coli challenges are allowed to grow to processing age and then treated with a second series of DEX injections in order to emulate later stressful events that might be associated with increased TOC incidence.
MATERIALS AND METHODS

Experiment 1
One hundred and fifty healthy turkeys, which survived a DEX-E. coli challenge at 5 wk of age (Huff et al., 1998a) , were allowed to grow to 13 wk of age, at which time they were bled and blood samples cultured for bacteria on Columbia blood agar. 3 They then were weighed and treated with a second series of three DEX 4 injections at a dosage of 2 mg/kg mean BW on 3 alternating d. All dead birds were collected twice daily and weighed. Postmortem examination included scoring for lesions of air sacculitis and TOC, weighing of liver, heart, spleen, and bursa of Fabricius, and the notation of other abnormalities. Individual data sheets were maintained for each bird. At 8 and 15 d after the first DEX injection, half of the surviving birds were bled, necropsied, and scored for air sacculitis and TOC lesions in the same manner. The following key, modified from that described by Piercy and West (1976) , was used to score lesions of air sacculitis/ pericarditis observed in mortalities and at necropsy: 0) no inflammation; 1) opacity and thickening of the inoculated air sac; 2) milk air sacculitis and mild pericarditis; 3) moderate air sacculitis/pericarditis with spread to liver or abdominal cavity (perihepatitis/peritonitis); 4) severe fibrinous air sacculitis and severe pericarditis; 5) severe air sacculitis/pericarditis with spread to liver or abdominal cavity. Each bird was examined for TOC lesions following an elaboration of the FSIS standard 10-cut procedure. This procedure involved cutting and examination of the hock, knee, hip and shoulder joints and slicing the muscles of both thigh and leg to detect arthritis, synovitis, tendonitis, and soft tissue abscesses. Osteomyelitis was detected by cutting both proximal tibiae of each bird with a straight cut along the top of the tibia, and multiple transverse cuts in the medial condyle of each tibia. All TOC lesions 5 BioMerieux-Vitek, Inc., Hazelwood, MO 63042. 6 Abbott Diagnostics, Abbott Park, IL 60064. detected, as well as all livers, and the air sac or pericardium of each bird, including mortalities and necropsied birds, were sampled using sterile transport swabs and were plated onto Columbia blood agar (CBA) containing 5% sheep blood cells. Liver surfaces were seared before stabbing with sterile transport swabs and all other samples were taken with care to expose joints and muscles as carefully as possible using heat-sterilized knives. All samples taken from mortalities also were plated onto MacConkey agar (Mac) and mannitol salt agar (MSA). Positive cultures from necropsy samples plated onto CBA were subcultured onto Mac and MSA. Representative isolated colonies that produced a yellow zone on MSA were tested for coagulase activity and inoculated into Staph-Ident biochemical test strips. 5
Experiment 2
Three hundred and forty-eight male day-old poults were wing-banded and separated into 12 floor pens of 29 birds each. They were maintained under continuous lighting, and consumed a standard turkey starter diet ad libitum, that met or exceeded the nutrient requirements established by the NRC (1994). At 4 wk of age they were redistributed to include 40 birds in each E. coli challenged/DEX-injected pen, 30 birds in each E. coli challenged/non-DEX-injected pen and 15 birds in each unchallenged pen. This distribution procedure was based on mortality incidence in previous trials. At 5 wk of age, half of the turkeys were treated with three injections into the thigh muscle of 2 mg/kg DEX on alternating days as previously described (Huff et al., 1998a) . On the day of the third DEX injection, duplicate pens of DEX-treated birds were challenged with an air sac inoculation of either 0, 25, or 50 cfu of E. coli in sterile saline diluent. Duplicate pens of uninjected birds were likewise challenged. Individual BW were determined weekly. Mortality was monitored twice daily after challenge and all dead birds were weighed and examined as previously described for Experiment 1. At 14 and 15 d after challenge, half of the remaining birds in each group were necropsied as described. The results of this challenge will be reported separately.
Experiment 2 of the present study reports the effect of a second series of DEX injections on the same birds. For the next 5 wk, the surviving birds were maintained in the same floor pens, and all lame and apparently ill birds were culled. Healthy survivors were treated with three doses of 2 mg/kg DEX on alternating days. All mortalities were collected twice daily and given postmortem examinations as described for Experiment 1. Three weeks later, at 16 wk of age, 4 birds per pen were bled and 10 birds per pen were necropsied as described for Experiment 1. Hematological values including total leukocyte counts (WBC), and differential counts of heterophils (HET), lymphocytes (LYM), monocytes (MONO), basophils (BASO), and eosinophils (EOS) were determined using a Cell-Dyne 3500 blood analysis system 6 standardized for analysis of turkey blood.
Statistical Analysis
For Experiment 2, data from mortalities and from necropsied birds were combined for analyses. Pen means were analyzed as a 2 × 3 factorial arrangement using the General Linear Models and Least Squares Means procedures of SAS ® (SAS Institute, 1988). Significant differences between treatments were separated using Duncan's multiple range test (Duncan, 1955) . A probability level of 0.05 or less was considered significant for main treatment effects and their interactions, unless otherwise noted.
RESULTS
Experiment 1
Mortality during the first 5 d after the first DEX injection of the second DEX treatment averaged 0.65%/d, whereas average daily mortality rate from Days 6 through 15 was 3.7%/d and total mortality was 27% (Figure 1 ). There were no TOC lesions in mortalities until Day 6. After Day 7, all mortalities had TOC lesions, including osteomyelitis of the proximal tibia, synovitis/tendonitis, and abscesses in the soft tissues of the leg (Figure 1 ). Green livers were not seen until Day 6. Most livers before Day 6 were described as pale with grainy-appearing plaques. Between Days 8 and 15 post-DEX injection, 67% of mortalities had green or green-fringed livers, whereas only one green liver was seen before Day 8. Ninety-four percent of birds with green livers also had TOC lesions (Table 1) . Fifty-five percent of birds with TOC lesions had 1 Both proximal tibiae of each bird were examined by a straight cut along the top of the tibia and by slicing multiple transverse cuts on the medial condyle of each tibia. Fifty percent of birds with bone lesions had bilateral bone lesions.
2 Data represents the number of birds that had more than one TOC lesion, including osteomyelitis, tendonitis/ synovitis, and soft-tissue abscesses.
3 Ninety-four percent of birds with green livers had one or more TOC lesions. Fifty-five percent of birds with one or more TOC lesions had green livers, whereas 45% had one or more TOC lesions without the presence of a green liver. 2 Colonies produced a yellow zone on mannitol salt agar (MSA) and representative colonies were coagulase positive and identified as Staphylococcus aureus using the Staph Ident biochemical identification system. 3 Includes colonies that were red or pink or Mac and those not producing a yellow zone on MSA. 4 Each bird was bled both before DEX treatment and at necropsy. 5 The livers of all mortalities and necropsied birds were sampled. 6 Left proximal tibia. The growth place of the left proximal tibia of every necropsied bird was cultured. 4, 5, 6 Data represents the number of birds with positive bacterial cultures/total number of birds. More than one type of bacteria was isolated from some birds.
7 All detected TOC lesions were cultured. Data represents the number of birds with positive bacterial cultures/number of birds with any TOC lesion, including osteomyelitis, arthritis/synovitis/tendonitis, and soft tissue abscesses. green livers, whereas 45% had one or more TOC lesions but did not have a green liver (Table 1) . During Days 1 to 10, 59% of mortalities had signs of aortic rupture, including large clots of blood within the abdominal cavity and pericardial sac, and occasional bleeding from the mouth. There were no cases of aortic rupture identified in mortalities after Day 10. Twelve percent of mortalities had cellulitis lesions in the thigh and hip area and 14% of mortalities had liver granulomas (data not shown).
All blood cultures taken the day prior to the second DEX injection were negative for bacterial colonies (Table  2) . After DEX treatment, bacterial colonies similar in appearance on MacConkey agar to the inoculated strain of E. coli were isolated from 2.8% of the blood cultures taken 8 or 15 d post-DEX, and from 7.8 and 27.9% of the livers and TOC lesions, respectively, from mortalities and necropsied birds combined (Table 2) . Staphylococcus aureus was isolated from 9% of all blood cultures, 27% of all liver cultures, 42% of all proximal tibia cultures, and 90% of all TOC lesions cultured from mortalities and necropsied birds combined (Table 2) .
Experiment 2
The second DEX injection decreased BW and relative bursa weight and increased relative liver, heart, and spleen weights (Table 3) . These effects tended to be more pronounced in birds that had been previously injected with DEX, but not challenged with E. coli. There were no significant main effect mean differences in BW or relative organ weights due to challenge with E. coli. There was a significant and antagonistic interaction between DEX and E. coli affecting relative weight of spleen (Table 3) . Least squares means analysis of DEX-treated birds alone showed that challenge with 50 cfu of E. coli significantly increased BW of DEX-treated birds as compared to DEXtreated, uninoculated controls (Table 3) . Also, liver relative weights were significantly lower in the DEXtreated birds inoculated with 25 or 50 cfu of E. coli as compared with uninoculated controls, whereas heart relative weights were lowered only by the 50 cfu inoculum (Table 3) .
There was no mortality in birds that never were treated with DEX. Dexamethasone-treated birds that had been challenged with 25 cfu of E. coli had significantly lower mortality than those that had been previously treated with DEX and not challenged or challenged with 50 cfu of E. coli (Table 4) . Dexamethasone treatment significantly increased air sacculitis scores, TOC, and green liver incidence (Tables 5, 6 , and 7), whereas inoculation with 25 or 50 cfu of E. coli decreased air sacculitis scores and green liver incidence (Tables 5, 7 ). There were significant and antagonistic interactions between DEX treatment and E.
TABLE 5. Effect of a second dexamethasone (DEX) injection on turkeys previously challenged in a DEX-Escherichia coli respiratory infection and the interaction of DEX and E. coli on air sacculitis score, Experiment 2
a,b Means within a column or row with no common superscript differ significantly (P ≤ 0.05). Each bird was given a score of 0 to 5 based on severity of lesions.
1 Inoculum was diluted in tryptose phosphate broth so that a 200-mL injection contained either 0, 25, or 50 cfu of a pathogenic strain of E. coli.
2 Values indicate the mean ± SE of all mortalities and necropsied birds. TABLE 9 . Effect of a second dexamethasone (DEX) injection on turkeys previously challenged in a DEX-Escherichia coli respiratory infection on the distribution of bacterial species isolated from liver, air sac, and turkey osteomyelitis complex (TOC) lesions, Experiment 2 1,2,3 Number of samples with positive bacterial cultures/total number of samples cultured. The liver and air sac of all mortalities and necropsied birds were sampled and TOC lesions were sampled when detected.
1 Colonies were colorless or transparent on MacConkey agar (Mac), appearing similar to the strain of E. coli used for challenge, but may also include other nonlactose fermenting Enterobacteriaciae species.
2 Colonies produced a yellow zone on mannitol salt agar (MSA) and representative colonies were coagulase positive and identified as S. aureus using the Staph Ident biochemical identification system.
3 Includes colonies which were red or pink on Mac and those not producing a yellow zone on MSA. coli challenge affecting mortality, air sacculitis, and green liver incidence (Tables 4, 5, 7). Although TOC incidence tended to be lower in DEX-treated E. coli challenged birds compared to DEX-treated unchallenged controls (Table 6) , there was no significant main effect difference of TOC incidence resulting from E. coli inoculation. There were no birds with TOC lesions in the group never treated with DEX and challenged with 25 cfu of E. coli, but this difference was not significant compared to the unchallenged controls (Table 6 ). Bacterial recovery from tissues was significantly higher in DEX-treated birds, but it was not affected by E. coli titer (Table 8) . Lactosenegative E. coli colonies, similar in appearance to the E. coli inoculum, were recovered from 2.6% of blood samples, 1.3% of livers, 3.8% of air sacs, and 5.4% of the TOC lesions of mortalities and necropsied birds combined (Table 9) . Staphylococcus aureus was isolated from 67% of blood samples, 30% of livers, 60% of air sacs, and 73% of the TOC lesions of combined mortalities and necropsied birds (Table 9) . Dexamethasone treatment significantly increased WBC and the percentage of HET, but there was no overall effect of E. coli inoculum on either (Table 10 ). The percentage of LYM was decreased by DEX. Although E. coli challenge had no overall effect on percentage LYM, unchallenged birds treated with DEX had significantly lower percentage LYM than birds challenged with 50 cfu. There was a significant interaction between DEX and E. coli affecting the percentage of LYM. The ratio between HET and LYM (H:L) was significantly increased by DEX but was significantly decreased by E. coli inoculation in birds also treated with DEX. In those birds, the H:L ratio was highest in birds not challenged with E. coli and decreased as challenge level of E. coli increased (Table 10 ).
DISCUSSION
When turkeys that have survived treatment with three injections of 2 mg/kg DEX at 5 wk of age were allowed to grow to processing age (15 to 16 wk) and then were injected again with DEX, a high percentage of them developed typical TOC lesions and green livers. Whereas previous challenges using a single series of DEX injections have reproduced TOC lesions, the incidence was much higher in this study and this is the first time a high incidence of green liver was also observed. Therefore, using a second series of DEX injections appears to be an effective model for the study of this disease given the high incidence of lesions that developed and the fact that all aspects of TOC were reproduced.
The timing of the two DEX injections in this model is thought to mimic the stresses experienced when poults are moved from a brooder house to a growout house as well as the stresses associated with catching and transportation prior to processing. The effect of DEX treatment on BW emphasizes the degree to which stress can reduce performance. Turkeys are often subjected to multiple stressors, especially in the winter, which may cumulatively reduce performance and decrease immunity. The immunosuppressive effects of stress may be greater in male birds than in females. We have previously reported that female turkeys were more resistant to this DEX-E. coli challenge than males (Huff et al., 1999) . Turkey osteomyelitis complex is a disease that primarily affects male turkeys (Nairn, 1973; Mutalib et al., 1996) . We have hypothesized that disease, management, or environmental conditions leading to a stress response in genetically susceptible male turkeys are responsible for immunosuppression leading to infection with opportunistic pathogens (Huff et al., 1999) . Although the stresses due to feed withdrawal, catching, confinement, and transportation would appear to occur too late in production to affect TOC incidence, recent studies indicate that 14-wk-old unchallenged birds can develop TOC within 2 d of a single DEX treatment (data not shown).
A surprising aspect of this study was the isolation of S. aureus from the majority of blood and tissue samples. We had hypothesized that the primary DEX-E. coli challenge would have resulted in a latent E. coli infection in the survivors that we thought would recrudesce after the second series of DEX injections. It would appear, however, that the DEX treatment itself, and a secondary infection with environmental opportunistic pathogens, was more likely responsible for the disease seen after the second DEX treatment. Recently Awan and Matsumoto (1998) have suggested that a genetic immunosuppression together with environmental and nutritional stress may be related to Staphylococcus infections, including hock infections and osteomyelitis, seen in sickly broiler chickens during the final 2 wk of the growing period.
It is interesting that the birds that were given both DEX treatments, but were not challenged with air sac inoculation of E. coli, were more susceptible to the effects of the second DEX injection than were those that were inoculated with either 25 or 50 cfu of E. coli. These data support the hypothesis that TOC is a disease caused more by the failure of the immune system, rather than any single etiological agent. This seemingly protective effect of E. coli infection may be due to the fact that there was more mortality in the challenged birds after the first DEX treatment and challenge, and that the surviving birds had more resistance to opportunistic infection. These surviving birds also had a much lower H:L ratio than did the unchallenged DEX-treated group. The H:L ratio is a standard measure of stress in birds (Gross and Siegel, 1983) and may reflect the survival of a population of birds in the challenged groups with a more protective stress response. These data also support the hypothesis that TOC is a disease primarily due to a lack of immunocompetence, rather than to the virulence of a specific organism, and, further, that the individual stress response of the bird may be involved in its ability to resist these opportunistic bacterial infections.
In the literature describing the growing field of neuroimmunoendocrinology, there is ever increasing evidence that cytokines that modulate the immune response can gain access to and affect the central nervous system and that neurotransmitters and neurohormones can conversely affect the function of the immune system (Dunn, 1989; Khansari et al., 1990; Biondi and Zannino, 1997) . Genetic differences in the neuroendocrine response of chickens plays a role in the development of autoimmune thyroiditis in the obese strain of chickens (Kroemer et al., 1988) . These birds have diminished serum corticosterone levels and do not respond to the administration of antigen with a rise in corticosterone. In general, such autoimmune responses are more prevalent in females, and are associated with a low stress response and higher resistance to pathogens requiring cell-mediated immunity for their control (Mason et al., 1990; Mason, 1991) . When extrinsic stress levels are high, individuals with high glucocorticoid stress responses will be more susceptible to diseases that require cell-mediated immunity. A proposed neuroendocrine feedback loop mediated by glucocorticoids, which prevents cytokines from reaching damaging levels, may be downregulated in females, leading to increased resistance to infections as well as increased susceptibility to autoimmune disease (Munck et al., 1984; Kroemer et al., 1988; Khansari et al., 1990; HomoDelarche et al., 1991) . Dexamethasone injection has been shown to simulate the immunosuppression seen in cattle with high plasma cortisol levels (Roth and Flaming, 1990) . It also suppresses the cutaneous basophil hypersensitivity response (Corrier and DeLoach, 1990 ) and decreases T cell-mediated immunity Lillehoj, 1992, 1993) in chickens.
The susceptibility of male, but not female turkeys, to TOC infections, as well as their higher susceptibility to DEX-induced immunosuppression (Huff et al., 1999) supports the idea that neuroimmunoendocrine interactions that affect cell-mediated immunity are involved in the etiology of this disease. This DEX immunosuppression model provides the opportunity to study the mechanisms of neuroimmunoendocrine interactions in turkeys as well as a means for testing nutritional and pharmacological immunomodulators that may provide protection against stress-induced bacterial infections (Huff et al., 1998b) .
It should be noted that whereas green liver is used to indirectly screen processed turkey carcasses for TOC, this experimental infection, as well as several reports sampling birds from commercial processing plants (Bickford et al., 1990; Clark et al., 1991; Bayyari et al., 1994) , indicate that TOC lesions may be present in many turkeys that do not have a green liver. Because the converse is also true, in that only about half of the turkeys that are condemned for green liver actually have any TOC lesions, it seems more prudent to try to decrease the incidence of this disease in the field, rather than rely on such an unreliable indicator for detection of affected carcasses. Our ability to experimentally reproduce TOC will enable us to design controlled studies for the evaluation of treatments such as nutritional immunomodulators and antibiotics (Huff et al., 1998b) . Perhaps the most important result of this work would be a re-evaluation of the cost:benefit ratio of decreasing stress in management decisions, such as favoring single-house rearing over multiple-house rearing, discontinuous over continuous lighting, and making an effort, perhaps with the cooperation of the FSIS, to prevent processing backups that require birds to be confined in transport pens for long periods of time.
